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SEMICONDUCTOR DEVICE HAVING A
FIELD EFFECT SOURCE/DRAIN REGION

CROSS-REFERENCE TO RELATED
APPLICATIONS 5

This application 1s a Continuation of application Ser. No.
11/643,022, filed Dec. 20, 2006, U.S. Pat. No. 7,623,366,
which claims priority under 35 U.S.C §119 to Korean Patent
Application 10-2005-0126255 filed on Dec. 20, 2005, the 10
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND
15

1. Technical Field

The present disclosure relates to semiconductor device
technologies, and 1n particular, to a semiconductor device
having field effect source/drain region(s).

2. Discussion of the Related Art 20

With higher integration of semiconductor devices, the
dimensions of channels in transistors are scaling down. This
often exacerbates short channel effects. Short channel effect
becomes especially serious as the gate width of transistors
approaches several tens of nanometers. In these cases, varia- 25
tion of threshold voltages may result. To overcome the short
channel effect, halo junction structures has been proposed.
However, this approach reduces on-current and increasing
leakage current.

Therefore, the halo junction structure may not be i1deal for 30
handling short channel effect in sub-nano scaled flash
memory devices.

FIG. 1A 1s an equivalent circuit diagram of a general semi-
conductor device, and FIG. 1B 1s a sectional diagram of a
general semiconductor device. 35

Referring to FIGS. 1A and 1B, a flash memory device
includes pluralities of cell strings. Each cell string 1s con-
structed of a plurality of memory cell transistors connected
between ground and string selection transistors. Each
memory cell 1s comprised of a ground selection line GSL 40
coupled to gate electrodes of the ground selection transistors,
and a string selection line SSL coupled to gate electrodes of
the string selection transistors. Pluralities of word lines (e.g.,
WL0-WL31) are arranged between the ground selection lines
GSL and the string selection lines SSL. The word lines are 45
coupled with gate electrodes of the memory cell transistors.
Source regions ol the ground selection transistors link with
cach other to form a common source line CSL. Drain regions
of the string selection transistors are each connected to bit
lines BLO-BLn. The bit lines BL0-BLn are each connected to 50
the drain regions of the string selection transistors, crossing,
over the word lines WL0O-WL31.

As shown 1n FIG. 1B, the word lines WL0-WL31, the
ground selection line GSL, and the string selection line SSL
are arranged over an active region defined 1n a semiconductor 55
substrate 10. Cell source/drain regions 12w are formed 1n the
active region between the word lines WL0-WL31. Source/
drain regions 12g and 12s are respectively formed in the
active region at both sides of the ground selection line GSL
and both sides of the string selection line SSL. Between the 60
word lines WLO0-WL31 and the substrate 10 are interposed
storage regions 14. Each of the storage regions 14 may be
comprised of an 1solated floating gate, a charge-trapping 1nsu-
lation layer, and/or a nano-crystal conductor 1n accordance
with a kind of cell transistor. 65

As 1llustrated 1n FIG. 1B, the source/drain regions, 12g,
12w, and 12s, of the general semiconductor memory are

2

formed 1n the structure of PN junctions containing impurities
different from those of the substrate 10. Further, the source/
drain regions are formed 1n the junction structure with high
breakdown voltage since a high voltage 1s applied thereto.

As shown i FIG. 2, the general source/drain region 1s
configured 1n a double-diffused drain (DDD) structure oper-
able 1n a high breakdown voltage and a small breakdown
leakage current. When the semiconductor memory device 1s,
for example, a NAND flash memory device, a writing voltage
of 18V 1s applied to a selected word line during a program
operation, the channel and source/drain regions of deselected
memory cells coupled to the selected word line are seli-
boosted up to about 8V. Thus, the source/drain junction struc-
ture 1s designed to be the DDD style equipped with heavily
and lightly doped diffusion regions 16 and 18 so as to permit
a breakdown voltage of the source/drain junction to be higher
than 8V. The DDD junction 1s useful for reducing leakage
current I,, but it may cause a short channel effect, such as
punch-through, due to adoption of the lightly-doped diffusion
layer and a drain-induced barrier lowering (DIBL) effect due
to overlap between the gate electrode (e.g., the word line WL)
and the diffusion layer. Such a short channel effect induces
extension of sub-threshold leakage and deterioration of sub-
threshold swing 1n the memory cell transistor, further spread-
ing a distribution profile of threshold voltages.

SUMMARY OF THE INVENTION

A semiconductor device according to an exemplary
embodiment of the present invention has a source/drain struc-
ture free from a short channel eflect even when a channel
length of a transistor 1s scaled down.

A nonvolatile device according to an exemplary embodi-
ment of the present invention has a source/drain structure free
from a short channel effect.

Embodiments of the present invention provide a semicon-
ductor device having a source/drain region generated by a
fringe field from a gate electrode. The device 1s comprised of
a semiconductor substrate and a gate electrode crossing over
the active region. Source/drain regions are defined at the
active region at both sides of the gate electrode. Atleast one of
the source/drain regions 1s a field effect source/drain region
generated by a fringe field from the gate electrode. The other
of the source/drain regions 1s a PN-junction source/drain
region that has an impurity layer different than the substrate.

The fringe field 1s induced by applying a voltage to the gate
clectrode. The source/drain region 1s an 1nversion layer set on
the surface of the active region by the fringe field. The surface
of the active region may be formed from a mobility-enhanced
layer so as to enhance the amount of on-current therein. For
example, the surface of the active region may be formed of a
lightly-doped or undoped semiconductor layer or a strained
silicon layer.

Exemplary embodiments of the present invention also
offer a nonvolatile memory device where a charge storage
layer 1s mterposed between the gate electrode and the active
region. For example, the nonvolatile memory device 1s com-
prised of a semiconductor substrate, an active region defined
in the semiconductor substrate, and ground and string selec-
tion transistors disposed in the active region. Pluralities of cell
transistors are disposed between the ground and string selec-
tion transistors. At least one of the source/drain regions of the
cell transistors 1s a field effect source/drain region generated
by a fringe field from the gate electrode.
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Exemplary embodiments of the present invention are dis-
cussed below with reference to the drawings.

BRIEF DESCRIPTION OF THE FIGURES

Features of the exemplary embodiments of the present
disclosure will become apparent and more readily appreci-
ated from the following description taken 1n conjunction with
the accompanying drawings of which:

FIG. 1A 1s an equivalent circuit diagram of a general semi-
conductor device;

FIG. 1B 1s a sectional diagram of a general semiconductor
device;

FIG. 2 1s a sectional diagram showing a general double
diffusion drain structure;

FIG. 3 1s a sectional diagram 1llustrating a semiconductor
device 1n accordance with an exemplary embodiment of the
present invention;

FIG. 4A 1s an equvalent circuit diagram illustrating a
semiconductor device according to an exemplary embodi-
ment of the present invention;

FIG. 4B 1s a sectional diagram 1llustrating the semiconduc-
tor device of FIG. 4A;

FI1G. 4C 1s a sectional diagram 1llustrating the semiconduc-
tor device according to a modification of the exemplary
embodiment of FIG. 4A;

FIG. 5A 1s an equvalent circuit diagram illustrating a
semiconductor device according to an exemplary embodi-
ment of the present invention;

FIG. 5B is a sectional diagram 1llustrating the semiconduc-
tor device of FIG. 5A;

FI1G. 5C 1s a sectional diagram 1llustrating the semiconduc-
tor device according to a modification of the exemplary
embodiment of FIG. SA;

FIG. 6A 1s an equivalent circuit diagram illustrating a
semiconductor device according to an exemplary embodi-
ment of the present invention;

FIG. 6B 1s a sectional diagram 1llustrating the semiconduc-
tor of FIG. 6A:;

FI1G. 6C 1s a sectional diagram 1llustrating the semiconduc-
tor device according to a modification of the exemplary
embodiment of FIG. 6A:;

FIG. 7A 1s an equvalent circuit diagram illustrating a
semiconductor device according to an exemplary embodi-
ment of the present invention;

FI1G. 7B 1s a sectional diagram 1llustrating the semiconduc-
tor device of FIG. 7TA; and

FI1G. 7C 1s a sectional diagram 1llustrating the semiconduc-

tor device according to a modification of the exemplary
embodiment of FIG. 7A.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary embodiments of the present invention will be
described below 1n more detail with reference to the accom-
panying drawings.

In the figures, the dimensions of layers and regions are
exaggerated for clarity of illustration. It will also be under-
stood that when a layer (or film) 1s referred to as being ‘on’
another layer or substrate, it can be directly on the other layer
or substrate, or itervening layers may also be present. Fur-
ther, 1t will be understood that when a layer is referred to as
being ‘under’ another layer, 1t can be directly under, and one
or more 1ntervening layers may also be present. In addition, 1t
will also be understood that when a layer 1s referred to as
being ‘between’ two layers, i1t can be the only layer between
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4

the two layers, or one or more 1intervening layers may also be
present. Like reference numerals refer to like elements
throughout.

FIG. 3 1s a sectional diagram 1llustrating a semiconductor
device 1 accordance with an exemplary embodiment of the
present 1nvention.

Referring to FIG. 3, the semiconductor device excludes
PN-junction source/drain regions formed of diffusion layers
that are different from a substrate 1n conductivity. Voltages
applied to gate electrodes WL, _,-WL, _ ; induce fringe fields.
Inversion layers 66 generated on the surface of the substrate
by the Iringe fields function as source/drain regions. Accord-
ing to this structure, junction leakage may be reduced or
climinated as a result of the achieved programming/erasing
characteristic. The dimensions of transistors may be scaled
down because, as a result of the immunity from short channel
elfect, there 1s no need to modily a structure of diffusion
layers, as 1s done with the DDD form.

FIG. 4A 1s an equivalent circuit diagram illustrating a
NAND-type nonvolatile memory device according to an
embodiment of the present invention. FIG. 4B 1s a section
along the direction of bit line, 1llustrating the NAND-type
nonvolatile memory device of FIG. 4A.

Referring to FIG. 4A, a cell string of the NAND-type
nonvolatile memory device includes pluralities of memory
cell transistors connected between ground and string selec-
tion transistors. A PN-junction source/drain region 1s not
present between the memory cell transistors.

A memory cell array includes a ground selection line GSL
coupled to gate electrodes of ground selection transistors, a
string selection line SSL coupled to gate electrodes of string
selection transistors and arranged in parallel with the ground
selection line GSL, and pluralities of word lines (e.g., WLO0-
WL31) parallel with each other and coupled to gate electrodes
of the cell transistors between the ground selection line GSL
and string selection line SSL. In the memory cell array, a
common source line CSL connected to source regions of the

ground selection transistors 1s arranged in parallel with the
word lines WLO0-WL31. The bit lines BLO-BLn are connected

to drain regions of string selection transistors and cross over
the word lines WLO-WL31.

Referring to FIG. 4B, the ground selection transistors, the
string selection transistors, and the cell transistors are formed
in an active region 70 defined 1n a semiconductor substrate 50.
The string selection line SSL, the ground selection line GSL,
and the word lines WLO-WL31 are arranged crossing over the
active region 70. The bit line BL (e.g., BLn of FIG. 4A) 1s
connected to the source/drain region placed at a side of the
string selection line SSL through a bit line contact DC. Each
word line includes a charge storage layer 64 interposed
between the gate electrode and the active region 70. The
charge storage layer 64 may comprise a floating gate or a
charge-storing insulation layer 1n a SONOS structure. Other-
wise, the charge storage layer 64 may comprise a semicon-
ductor or a metallic nano-crystalline layer.

Source/drain regions 62g formed at both sides of the
ground selection line GSL and source/drain regions 62g
formed at both sides of the string selection line SSL are kinds
of PN-junction source/drain regions formed of diffusion lay-
ers with conductivity opposite to that of the substrate. Source/
drain regions between the word lines WL0-WL31 are struc-
tured as inversion layers called field effect source/drain
regions. The inversion layers are generated by fringe fields
induced from voltages applied to the adjacent word lines. The
active regions 70 corresponding to the channel and source/
drain regions of the transistors are formed with enhanced
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charge mobility to compensate for lack of on-current by
adopting the structure of field effect source/drain regions
thereto.

FIG. 4C1s a sectional diagram illustrating a modification of
the exemplary embodiment of FIGS. 4A and 4B.

Referring to FIG. 4C, a mobility-enhanced layer 52 i1s laid
on the surface of the semiconductor substrate 50. The mobil-
ity-enhanced layer 52 1s doped with concentration in the
range of 10'°-10'° jons/cm?, and comprises a strained silicon
layer, or an intrinsic semiconductive epitaxial layer formed
on the semiconductor substrate 50 or a lightly-doped semi-
conductor substrate.

FIG. 5A 1s an equivalent circuit diagram illustrating a
NAND-type nonvolatile memory device according to an
embodiment of the present invention. FIG. 5B 1s a sectional
diagram 1llustrating the NAND-type nonvolatile memory
device of FIG. 5A.

Referring to FIG. SA, mn the NAND-type nonvolatile
memory device, mversion gate lines CWL, as dummy word
lines for activating inversion layers for channels, are disposed
between the word line WL31 and the ground selection line
GSL, and between the word line WL 0 and the string selection
line SSL, in parallel with the word lines. The mnversion gate
lines CWL make 1t possible to exclude the PN-junction
source/drain regions between the word line WL31 and the
ground selection line GSL, and between the word line WL0
and the string selection line SSL. The mnversion gate lines
CWL contribute to lowering capacitive coupling actions by
functioning as shielding means between voltages applied to
the most outer word lines WLO and WL31 and voltages
applied to the ground and string selection lines GSL and SSL.

Referring to FIG. 5B, as discussed above, the ground and
string selection lines GSL and SSL cross over the active
region 70. The plural word lines WL0-WL31 are arranged in
parallel with each other between the ground selection line
GSL and the string selection line SSL. The inversion gate
lines CWL are disposed between the first word line WL0 and
the ground selection line GSL, and between the last word line
WL31 and the string selection line SSL, 1n parallel with the
word lines.

In the active region 70 between the word lines WL0-WL31
and between the mversion gate lines CWL, there 1s no PN-
junction source/drain region. The field effect source/drain
regions are generated when a voltage 1s applied to the adja-
cent word line or inversion gate line adjacent thereto. The rest
of the source/drain regions 62¢ and 62s of the ground and
string selection transistors are PN-junction source/drain
regions.

FI1G. 5C 1s a sectional diagram illustrating a modification of
the exemplary embodiment 1llustrated in FIGS. 5A and 3B.

Referring to FIG. 5C, the mobility-enhanced layer 52 1s
tormed on the surface of the semiconductor substrate 50. The
mobility-enhanced layer 352 1s doped with concentration in
the range of 10'°-10"'°ions/cm’, comprising a strained silicon
layer, or an 1ntrinsic semiconductive epitaxial layer formed
on the semiconductor substrate 50 or a lightly-doped semi-
conductor substrate.

FIG. 6A 1s an equivalent circuit diagram illustrating a
NAND-type nonvolatile memory device according to an
exemplary embodiment of the present invention. FIG. 6B 1s a
sectional diagram illustrating the NAND-type nonvolatile
memory device of FIG. 6A.

Referring to FIG. 6A, a memory cell transistor of the
NAND-type nonvolatile memory device by the invention may
be comprised of at least one field effect source/drain region.
For instance, as shown in FIG. 6 A, one of the source/drain
regions in the memory cell transistor may be configured 1n the
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6

field effect type while the other may be the PN-junction type.
The source/drain regions of the ground and string selection
transistors are all of the PN-junction types. One of the source/
drain regions 1in the memory cell transistor 1s of the field effect
type while the other 1s of the PN-junction type.

Referring to FIG. 6B, on the semiconductor substrate 50
are disposed the ground and string selection lines GSL and
SSL between which the plural word lines WL0-WL31 are
arranged. In the active region 70 at both sides of the string
selection line SSL and ground selection line GSL, the PN-
junction source/drain regions 62s and 62¢g are settled. In the
active region 70 between the word lines WLO-WL31, PN-
junction source/drain regions 62w and field effect source/
drain regions are alternately disposed. Namely, the PN-junc-
tion source/drain regions 62w with impurities are formed in
one of the active region 70 at both sides of the word lines
WL0-WL31 while the other sides are provided without the
PN-junction source/drain regions 62w. The field effect
source/drain regions are conductive by the fringe fields of
voltages applied to the adjacent gate electrodes. The short
channel effect 1s accordingly reduced even with the unmilateral
structure of field effect source/drain region that 1s placed in at
least one of the active region 70 1n the memory cell transistor.

FIG. 6C 1s a sectional diagram illustrating a modification of
the exemplary embodiment of FIGS. 6 A and 6B.

Retferring to FIG. 6C, the mobility-enhanced layer 52 1s
laid on the surface of the semiconductor substrate 50. The
mobility-enhanced layer 52 1s doped with concentration in
the range of 10'°-10'° ions/cm’, and is comprised of a
strained silicon layer or an intrinsic semiconductive epitaxial
layer formed on the semiconductor substrate 50 or a lightly-
doped semiconductor substrate.

FIG. 7A 1s an equivalent circuit diagram illustrating a
NAND-type nonvolatile memory device according to an
exemplary embodiment of the present invention. FIG. 7B 1s a
sectional diagram illustrating the NAND-type nonvolatile
memory device according to the exemplary embodiment of
FIG. 7A.

Referring to FIG. 7A, in the NAND-type nonvolatile
memory device, at least one of the source/drain regions in the
memory cell transistor 1s the field effect source/drain region.
The inversion gate lines CWL for channel inversion are dis-
posed between the ground selection transistor and the
memory cell transistor and between the string selection tran-
sistor and the memory cell transistor.

Referring to FIG. 7B, the mversion gate lines CWL for
channel mversion are disposed between the first word line
WLO0 and the ground selection line GSL and between the last
word line WL31 and the string selection line SSL, 1n parallel
with the word lines. The PN-junction source/drain regions,
62s,62w, and 62¢, are formed 1n one sides ol the active region
70 at both sides of the inversion gate lines CWL and the word
lines WLO and WL31. The field effect source/drain regions
are formed 1n the other sides without the PN-junction source/
drain regions. For example, the PN-junction source/drain
regions may be alternately disposed in the active region 70
between the mversion gate lines CWL and the word lines
WLO0 and WL31. While FIG. 7B shows that the PN-junction
source/drain regions are formed between the mversion gate
line CWL and the selection lines GSL and SSL, they may be
placed 1n the other sides of the active region 70 by the inver-
s1on gate lines CWL.

FIG. 7C 1s a sectional diagram illustrating a modification of
the exemplary embodiment shown in FIGS. 7A and 7B.

Referring to FIG. 7C, the mobility-enhanced layer 52 1s
laid on the surface of the semiconductor substrate 50. The
mobility-enhanced layer 352 1s doped with concentration in
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the range of 10"°-10"°® ions/cm”, comprising a strained silicon
layer, or an 1ntrinsic semiconductive epitaxial layer formed
on the semiconductor substrate 50 or a lightly-doped semi-
conductor substrate.

While the aforementioned exemplary embodiments illus-
trate all or at least one source/drain region of the memory cell
transistors as being of the field effect type, 1t 1s permissible for
the field effect source/drain region to correspond with at least
one of the source/drain regions defined in the cell array of the
NAND-type nonvolatile memory device.

As described above, the short channel effect may be less-
ened since at least one of the source/drain regions of the
transistor 1s of the field effect type. A semiconductor device
free from short channel effect 1s therefore provided when the
source/drain regions 1n the transistor are configured in the
field effect type.

Exemplary embodiments of the present invention are able
to provide a NAND-type nonvolatile memory device without
programming/erasing disturbance due to junction leakage
caused by PN-junction source/drain regions. This may be
accomplished by adopting the field effect source/drain
regions, which do not induce the junction leakage, to the
memory cell transistors.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor active region;

a gate electrode adjacent to the semiconductor active

region;

a plurality of source/drain regions defined within the semi-
conductor active region apart from the gate electrode;
and

a charge storage layer iterposed between the gate elec-
trode and the semiconductor active region,

wherein at least one of the plurality of source/drain regions
1s a field effect source/drain region generated by a fringe
field from the gate electrode,

wherein the plurality of source/drain regions include both
the field effect source/drain region and a PN-junction
source/drain region, and

wherein the charge storage layer 1s comprised of a charge-
trapping insulation layer or a nano-crystalline conduc-
tive layer.

2. The semiconductor device as set forth in claim 1,
wherein the semiconductor active region comprises an epi-
taxial layer.

3. A semiconductor device comprising:

a semiconductor active region;

a ground selection gate adjacent to the semiconductor

active region;

a string selection gate adjacent to the semiconductor active
region apart from the ground selection gate;

a plurality of cell transistors disposed between the ground
selection gate and the string selection gate, each of the
cell transistors comprising two source/drain regions,
wherein at least one of the two source/drain regions of
cach of the plurality of cell transistors 1s a field effect
source/drain region generated by a fringe field from a
gate electrode;

a charge storage layer iterposed between the gate elec-
trode and the substrate, wherein the charge storage layer
1s comprised of a charge-trapping msulation layer or a
nano-crystalline conductive layer;

a ground selection line and a string selection line coupled
respectively to ground gate electrodes and the string
selection gates;

a plurality of word lines disposed between the ground
selection line and the string selection line and coupled
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respectively to gate electrodes of the cell transistors,
wherein the source/drain regions defined 1n the semicon-
ductor active region between the word lines are field
elfect source/drain regions are generated by fringe fields
from adjacent gate electrodes of the cell transistors; and
inversion gate lines disposed between the string selection

line and the word lines and between the ground selection

line and the word lines,

wherein the source/drain regions defined in the semicon-
ductor active region between the word line and the inver-
ston gate line and between the selection line and the
inversion gate line are field effect source/drain regions
generated by fringe fields from the mversion gate lines.

4. The semiconductor device as set forth in claim 3,
wherein the semiconductor active region comprises an epi-
taxial layer.

5. The semiconductor device as set forth in claim 3,
wherein the source/drain regions, between the word line and
the ground selection line and between the word line and the
string selection line, are PN-junction source/drain regions.

6. The semiconductor device as set forth in claim 3, further
comprising:

a ground selection line and a string selection line coupled
respectively ground gate electrodes and the string selec-
tion gates; and

a plurality of word lines disposed between the ground
selection line and the string selection line and coupled
respectively to gate electrodes of the cell transistors,

wherein one of the source/drain regions of each of the cell
transistors 1s the field effect source/drain region gener-
ated by fringe fields from adjacent gate electrodes while
the other of the source/drain regions 1s a PN-junction
source/drain region.

7. The semiconductor device as set forth in claim 6,

wherein the source/drain regions, between the word line and
the ground selection line and between the word line and the

string selection line, are PN-junction source/drain regions.

8. The semiconductor device as set forth in claim 6, further
comprising:

inversion gate lines disposed between the string selection
line and the word lines and between the ground selection
line and the word lines,

wherein one of the source/drain regions defined in the
semiconductor active region between the word line and
the inversion gate line and between the selection line and
the inversion gate line 1s a field effect source/drain, while
the other of the source/drain regions 1s a PN-junction
source/drain region.

9. The semiconductor device as set forth in claim 8,
wherein the source/drain regions, between the word lines and
the ground selection line and between the word lines and the
string selection line, are PN-junction source/drain regions.

10. A semiconductor device comprising;:

a semiconductor active region;

a ground selection gate adjacent to the semiconductor
active region;

a string selection gate adjacent to the semiconductor active
region apart from the ground selection gate;

a plurality of cell transistors disposed between the ground
selection gate and the string selection gate, each of the
cell transistors comprising two source/drain regions,
wherein at least one of the two source/drain regions of
cach of the plurality of cell transistors 1s a field effect
source/drain region generated by a fringe field from a
gate electrode;
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a charge storage layer mterposed between the gate elec-
trode and the substrate, wherein the charge storage layer
1s comprised of a charge-trapping msulation layer or a
nano-crystalline conductive layer;

a ground selection line and a string selection line coupled

respectively to ground gate electrodes and the string
selection gates; and

a plurality of word lines disposed between the ground
selection line and the string selection line and coupled
respectively to gate electrodes of the cell transistors,

wherein the source/drain regions defined in the semicon-

ductor active region between the word lines are field
elfect source/drain regions are generated by fringe fields
from adjacent gate electrodes of the cell transistors, and
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wherein the source/drain regions, between the word line
and the ground selection line and between the word line
and the string selection line, are PN-junction source/
drain regions.

11. The semiconductor device as set forth in claim 10,

further comprising:

inversion gate lines disposed between the string selection
line and the word lines and between the ground selection
line and the word lines,

wherein the source/drain regions defined in the semicon-
ductor active region between the word line and the inver-
sion gate line and between the selection line and the
iversion gate line are field effect source/drain regions
generated by fringe fields from the inversion gate lines.
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